Sixteen pregnant fcmalc mice were opcrated on and Ha-thymidine was injected into the amniotic cavitics of the uterus. The injection was given between the 6th and 14th days of fetal life. Eighty-eight fetuses received thymidine in this way. Anothcr scries of 16 pregnant females was injected intrapcritoneally with H3-thymidine between the 5th and 14th days of pregnancy. Two of these femalcs were killed 16 days after the observation of the vaginal plug. The remaining 30 females were allowed to give birth to their progeny. The progeny was killed at birth and the ovaries of the newborn females fixed at once. Labeled oocytes at latc pachytene and early diplotene were clearly seen in individuals that received the isotope between the 10th and 12th to 13th days of fetal life, but the period of DNA synthesis preceding meiosis is at the 12th to 13th days of fetal life. Since meiosis is recognized by the 14th day, only the oocyte labeling originating from mothers injected at the 12th and 13th days may be considered as representing the DNA synthesis of the premeiotic replication.
INTRODUCTION
A knowledge of the time during which DNA synthesis occurs prior to meiosis in female mice, obtained by the labeling of oocytes with a radioisotope, is of relevance for the study of three main biological problems: (1) the effects of radiation on mammals, (2) the process of formation of ova in the mammalian female, and (3) the planning of any experiment dealing with genetic transformation in the mouse.
Numerous radiation experiments have been performed on mice, but the period of the life cycle at which the DNA synthesis preceding meiosis occurs was not known. As a result, in experiments designed to produce mutations, the radiation dose could not be concentrated at the sensitive period of DNA synthesis.
The process of oocyte formation in mammals is also obscure. In the mouse and the rat it was not known until recently whether all oocytes were produced during the fetal life or were formed both during this period and before puberty (Zuckerman, 1951 (Zuckerman, , 1956 Winiwarter, 1942; VermandeVan Eck, 1955) . Due to the work of Mintz (1959) and Borum (1961) it has now become evident that in the mouse the oocytes are formed before birth.
Apart from bacteria, the mouse is one of the most suitable organisms for the planning of experiments dealing with genetic transformation. If such experiments are to be carried out with any degree of success, the exact period of DNA synthesis preceding meiosis needs to be determined.
The incorporation of H3-thymidine takes place at the time of DNA synthesis in the interphase that occurs before the onset of meiosis (Lima-deFaria, 1959 a and b) . In the grasshopper Melanoplus, 9 to 12 days elapse between DNA synthesis and late pachytene (Lima-de-Faria, 1961) , and in Agapanthus (Liliaceae) the corresponding period is 14 days (Lima-de-Faria, 1962) . In the mouse, for it m a y easily be broken down in the peritoneal cavity or in the blood stream. (2) They looked for the period of D N A synthesis only between the 12th a n d 15th day of fetal life in an experiment incidental to their main purpose. We have been able to delimit this period more precisely, especially with regard to its onset.
M A T E R I A L S A N D M E T H O D S
Pregnant female mice of the albino street strain were used. The pregnancy was timed by observation of vaginal plugs (day 0). The pregnant mouse was operated on under anesthesia with ether. The abdomen was opened and the uterus exposed. An injection of tritiated thymidine was given into thc amniotic cavity of each fetus, using a tuberculin syringe and 22-gauge 3-inch injection needle. The amount of H3-thymidine given with each injection was 0.01 ml of sterile aqueous solution at a concentration of 500 #c/ml (specific activity 1.9 curie/m~, Schwarz BioResearch, Inc., Nit. Vernon, New York). All fetuses present in the two horns of the uterus were injected. Very little loss of fluid occurred in most cases. The abdominal wall and skin were sewed separately with silk, and the mouse was then put into a specially prepared box to avoid contaminating the laboratory with H3-thymidine possibly lost from the animal. The fetuses received this thymidine between the 6th and 14th days of fetal life. Sixteen gravid females containing a total of 88 fetuses (Table  I) were injected by this procedure. As seen in Table I , of the 88 fetuses which received the H3-thymidine, and 100 per cent alcohol, transferred by steps to ethanol-butyl alcohol, and imbedded in paraffin (melting point 56-58°C). The sections were cut with a Reichert rotary microtome at 2 microns. After sectioning, the slides were passed through xylol and the alcohol series to water. Hydrolysis in N/I HC1 at 60°C followed for 10 minutes. Subsequently, the preparations were passed through water (2 minutes) and immersed in fuchsin-sulfurous acid for 2 hours. The slides were then rinsed in SO~ water (three changes) and passed through distilled water. Autoradiographic stripping film AR-10 (Kodak, Ltd., London, England) was then applied. The preparations were exposed for 2 weeks in boxes kept in a refrigerator, and were developed in Kodak D-19 and fixed in F-6 (1:2 parts water). After that, the slides were washed and finally air dried. Non-drying oil Period of DNA synthesis and sequence of meiotic stages during fetal life in the mouse (the period of H3-injection refers only to injection into the uterus).
only 17 survived. These are found in Table I among the 41 born females and males which received H gthymidine by this procedure and by intraperitoneal injection of the mother as described below. In another series of experiments, 16 gravid females were injected with 1 to 2 ml of H3-thymidine intraperitoneally between the 5th and 14th days of pregnancy (Table I) , the thymidine having the same concentration and specific activity as in the previous experiments involving injections into the uterus. Of these gravid females, two were not allowed to give birth to their progeny but were killed 16 days after the vaginal plug was observed and the ovaries of the fetuses were studied. The others were allowed to give birth to their progeny.
The gravid females which received either of the two types of injections gave birth to the progenies shown in Table I . The newly born females were killed at birth by decapitation and the ovaries were fixed at once in acetic-alcohol 1:4 for 1 hour and after that transferred to 70 per cent alcohol. The ovaries were taken from the 70 per cent alcohol, dehydrated in 95 was applied directly over the film for study under the microscope.
RESULTS
At late pachytene and early diplotene, the oocytes are easily identified in the ovary. They are large cells which are surrounded by a circle of smaller ones with denser nuclei. The large oocyte nucleus with its long chromosome threads stands in sharp contrast to the small interphase nuclei of the cells disposed around it (Figs. 1~ 2, and 4) . Since the sections are only 2 microns thick, only a few chromosome segments of the long pachytene threads are present in each section.
Meiotic prophase becomes first visible in the embryo 6 days before birth. The total period of fetal life is 20 days (Fig. 3) . Leptotene and zygotene are present on the 14th to 16th days of fetal life, and by the 17th and 18th days most oocytes are in the pachytene stage. At birth, pachytene and early diplotene are the dominating stages (Borum, 1961) .
T h e study of the ovary sections reveals that in the animals killed at birth oocytes appear distinctly labeled with tritiated thymidine (Figs. 5 to 7) . The labeling is intense, if one considers that the sections are only 2 microns thick, and, as a consequence, only a small part of the chromosomal material of a whole nucleus is present. T h e oocyte labeling is strictly confined to the nucleus, and background is very low as can be seen in the photographs. A nucleus was considered labeled when there were A. LIMA-DE-FARIA AND K. BORVM DNA Synthesis Prior to Meiosis 385 FIGURES 6 AND 7
Two mouse oocytes at early diplotene labeled with tritiated thymidine. X 3000.
more than 30 silver grains over it per section. Besides the nuclei of the oocytes, nuclei of the neighboring cells are labeled with tritiated thymidine (Figs. 5 to 8 ). The distinction between labeled and unlabeled oocytes is best seen in Fig. 8 where in a single section two oocytes are seen lying side by side, one labeled and the other not. Not all the chromosomes of an oocyte are equally labeled (Figs. 5 and 6 ). This reveals an asynchrony of DNA synthesis among chromosomes or chromosome segments within the same nucleus, a phenomenon known to occur in other species (Limade-Faria, 1959 b) .
Oocytes that had incorporated H3-thymidine were found in sections from animals that had come from a uterus into which the radioisotope was FIGURE 8
One tritium-labeled (top) and one unlabeled oocyte (bottom) in the mouse ovary. X 3000.
injected at 121/~ days of fetal life. This means that D N A synthesis occurs at that time; i.e., 1 to 2 days before leptotene becomes distinctly visible. But since, in the ovary, some oocytes are slightly more advanced than others, the interval between the D N A synthesis period and leptotene may be much shorter for any single cell.
Two of the gravid females injected intraperitoneally on the 10th and 12th days of pregnancy were not allowed to give birth to their progeny but were killed at the 16th day after fertilization. The embryos were removed and the ovaries fixed and sectioned as described above. The ovaries showed labeling in oocytes at early pachytene. The labeling was clear in the ovaries of embryos from mothers injected on the 12th day. Some oocytes in the ovaries of embryos from mothers injected on the 10th day appeared to be lightly labeled, but had less than 30 grains over them. This suggests that there may be some DNA syn-thesis already at the 10th day of fetal life but that it isconfined only to a few oogonia. Labeled oocytes were also found in females, killed at birth, which were born from gravid females injected intraperitoneally at the 12th and 13th days of pregnancy. No data were obtained on 14-day females. The premeiotic DNA synthesis occurs in the ovary at the 12th to 13th daysof fetal life (Fig. 3) . This does not necessarily mean that DNA synthesis goes on for 2 days in a single oocyte, but that the oocyte population is not completely synchronous in this regard. Crone et al. (1960) published a short report in which they claimed that they found mouse oocytes labeled with tritiated thymidine which was ininjected at birth and during the following 5 days. The injection was given intraperitoneally and the animals were killed 24 hours after injection. Since the authors have not published a detailed report of their experiments, documented with photographs, it is difficult at present to evaluate their observations. It has also been claimed by Sirlin and Edwards (1959) that the injection of adenine-8-C 14 into female mice 2 to 3 hours after birth (fixed 3 hours later) resulted in the labeling of DNA of leptotene nuclei. The authors seem to have had difficulties in identifying the labeled nuclei as oocyte nuclei. Atlas et al. (1960) have studied the incorporation of tritiated thymidine into various tissues of the body of mouse females and into their embryos. In their experiments, there was no labeling of the embryo or of its derivatives until the 10th day o, pregnancy. Our results supplement theirs in that ovarian tissues (which they did not study) do not appear to be labeled before the 10th day.
DISCUSSION
Recent experiments carried out independently of ours by Rudkin and Griech (1962) have led to results similar to those we obtained. They found that the period of DNA synthesis was midway through the gestation period. Their experiments were based on the injection of tritiated thymidine intraperitoneally and their figures do not leave any doubt as to the correctness of the cells identified as oocytes. In our experiments we did not get information on labeling after the 13th day, but according to their results, the DNA synthesis period extends to the 15th day. This means that all of the oogonia do not enter meiosis at the same time.
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